INTRODUCTION
Arabic coffee (Coffea arabica L.), a perennial species, has some peculiar aspects, such as a long reproduction cycle and pronounced variation in annual yield and trait expression over several years (Sera, 2001) . The breeding process is slow, since several years are needed for the selection of superior genotypes in each generation, totaling an average of 20 to 25 years for the release of a new cultivar. As little time as possible should be lost with the evaluation of genotypes in breeding programs of perennial species, to avoid the waste of ever-scarcer labor and capital resources. On the other hand, the evaluations cannot be concluded in a very short time, since haste can cause errors in the identification of the genotypes of interest.
In this context, the repeatability coefficient is an indispensable information source for breeders of perennial plants, underlying the determination of the number of phenotypic data of annual yield required from each tree for an efficient selection of genotypes with less cost and labor. The selected genotype is expected to maintain the initial performance for the entire lifetime. This coefficient also represents the highest possible value of trait heritability (in the broad sense). It is by far easier to be estimated, since no controlled crosses and study of progenies are needed. The concept of repeatability can be defined as the correlation between the measures of a particular trait in the same tree, evaluated by measurements replicated in time or space. It expresses the proportion of the total variance explained by the variations caused by the genotype and the permanent alterations attributed to the common environment (Falconer, 1987, Cruz and Regazzi, 1997) .
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A high estimated repeatability value of a trait indicates the possibility of predicting the real value of a tree with a relatively small number of measurements (Cornacchia et al. 1995) . A low repeatability on the other hand, means that a high number of replications are necessary for efficient selections. According to Shimoya et al. (2002) , estimates of the repeatability coefficient of over 0.5 and of over 80% of the coefficient of determination can be considered satisfactory.
The traditionally most commonly used method to estimate the repeatability coefficient is the analysis of variance. Other methods using Principal components (Abeywardena 1972 , Rutledge 1974 ) and structural analyses (Mansour et al. 1981) have been suggested in view of the greater accuracy (Cruz and Regazzi 1997) .
These methods have been applied in several crops, e.g., pine (Cornacchia et al. 1995) , alfafa (Ferreira et al. 1999) , rubber tree (Gonçalves et al. 1990 ), elephant grass (Shimoya et al. 2002) , and tomato (Cargnelutti Filho et al. 2004 ). There are very few studies of repeatability in coffee. Fonseca et al. (2004) determined the minimal number of harvests to optimize selection in coffee robusta clones, another commercial species of the genus Coffea, by the methods of analysis of variance and Principal components. Sera (1987) evaluated progenies of cultivar Acaiá by multiple regression, to verify the possibility of early selection in Arabic coffee.
This study aimed to estimate the repeatability coefficient of the trait grain yield of Arabic coffee and the minimal number of evaluations required for an accurate prediction of the real value of the trees, determining the repeatability coefficient by different methodologies.
MATERIAL AND METHODS
For nine years, the coffee cherry yield of 21 coffee progenies of cultivar Icatu were evaluated in generation F 3 RC 2 , in an experiment conducted at the Centro Experimental Central (CEC) of the Instituto Agronômico of the State of São Paulo (IAC/APTA), in Campinas (lat 22º54'S, long 47º05'W, alt 674 m asl), at an average annual temperature of 22 ºC and annual rainfall of 1.380 mm, in a random block design, with nine replications with two plants per plot, at a spacing of 4.0 m between rows and 1.5 m between plants.
The coffee yield was obtained by weighing the coffee cherries per plant of the harvests of nine years.
The estimates of the coefficients of repeatability (r) were obtained by the methods of analysis of variance (ANOVA), Principal components based on the Matrices of correlations (CP cor ) of covariances (CP cov ) and the Structural analysis based on the Matrices of correlations (AE cor ). The minimum number of measurements required to predict the real value of the plants, based on the preestablished coefficients of determination (R 2 ) (0.80, 0.85, 0.90, 0.95 and 0.99), was obtained as proposed by Cruz and Regazzi (1997) .
a) Method of the Analysis of Variance (ANOVA)
The repeatability coefficient was estimated using the results of the analysis of variance, according to the model:
Y ij = u + G i + A j + E ij , where: Y ij = observation of the i th progeny in the j th environment; u = general mean; G i = random effect of the i th progeny under the influence of the permanent environment (i = 1, 2, ..., p; p = 21).
A j = fixed effect of the temporary environment on the j th measurement (j = 1, 2, ..., n; n = 9). E ij = experimental error given by the temporary effects of the environment in the j th measurement of the i th progeny.
The repeatability coefficient was calculated as follows:
, where σ^ 2 g = genotypic variance and σ^ 2 e = environmental variance
b) Method of Principal Components
This method, used by Abeywardena (1972) , estimates the repeatability coefficient in two ways: firstly by the correlation matrix and secondly by the matrix of phenotypic variances and covariances.
Method of Principal Components based on the Correlation Matrices (CP cor )
The method is based on the correlation matrix between genotypes in each pair of years. The normalized eigenvalues (λ) and eigenvectors (α) of R are determined in this matrix. An eigenvector with the same signal and similar magnitudes expresses the tendency of maintaining the relative positions of the genotypes in the different intervals of years.
The repeatability coefficient is represented as follows:
, where λ 1 = is the highest eigenvalue associated to the eigenvector whose elements have the same signal and similar magnitudes. It is obtained from the matrix of correlations between data; η = number of years evaluated.
-Method of Principal components based on Matrices of Covariances (CP cov )
The repeatability coefficient is estimated based on the matrix of phenotypic variances and covariances (Γ ).
In this case, the estimate of the repeatability coefficient is obtained by the following equation:
, where λ 1 = is the eigenvalue (Γ) associated to the eigenvector whose elements have the same signal and similar magnitudes; This method, proposed by Mansour et al. (1981) , considers R as parametric correlation matrix between genotypes in each pair of evaluations and R^ as estimator. The estimator of the repeatability coefficient based on structural analysis is expressed as follows:
,where is the eigenvector with parametric elements, associated to the highest eigenvalue of R.
The minimum number of measurements required to predict the real value of the genotypes, based on the predicted coefficient of determination (R 2 ) (0.80; 0.85; 0.90; 0.95; 0.99), was calculated by the following formula:
, where η 0 = number of necessary measurements to predict the real value; R 2 = coefficient of determination; r = repeatability coefficient determined by one of the methods.
The coefficient of determination (R 2 ) was computed as:
All statistical analyses were performed using the software package GENES (Cruz 2001) .
RESULTS AND DISCUSSION
The mean squares of the analyses of variance using the model with two factors of variation, years and progenies are shown in Table 1 . Significant differences among the progenies were detected at 1% probability, indicating the existence of genetic variability, prior condition for the selection of superior genotypes in the breeding program. The coefficient of experimental variation was 31.63%, considered acceptable for coffee, especially when environmental effects are accumulated over nine years of harvest.
The estimates of the repeatability coefficients (r) and respective coefficients of determination (R 2 ) for coffee cherry yield in nine crop years, obtained by four different methods, are given in Table 2 . According to the method the repeatability values differed. The value of the repeatability coefficient estimated by ANOVA was lowest (0.26) while the highest was obtained by the principal components, based on the covariance matrix (0.63). The coefficients obtained by the methods of principal components, based on the correlation matrix, and by structural analysis, based on the correlation matrix, were 0.41 and 0.35, respectively. These results agree with Fonseca et al. (2004) , who evaluated clones of robust coffee (Coffea canephora P.) and stated that the highest repeatability coefficient was estimated by principal components based on the covariance matrix (0.52), and the lowest by ANOVA (0.32). For pine, Cornacchia et al (1995) , and for tomato Cargnelutti Filho et al. (2004) also verified that the estimate of the repeatability coefficient by the principal components, based on the covariance matrix, was higher, compared to the methods of analysis of variance and structural analysis. On the other hand, in elephant grass (Shimoya et al. 2002) , cacao (Dias and Kageyama 1998) and sugarcane (Ferreira et al. 2005 ) no differences were found between the estimated repeatability coefficients obtained by these methods. These results confirm the need of using the different available methods to estimate this coefficient to obtain a precise interval, within which the real value of this parameter is most likely to be found. The definition of the most appropriate method is relevant, since each method considers particularities related to the different phenotypic manifestations, in function of the species and the trait studied. In many species, as in the case of coffee, yields after the fourth or fifth harvest are alternately high and low, due to the weakening of the plants in the years of higher yields. This alternation between yields is designated biennial bearing. Climatic adversities, such as drought or frost, can anticipate biennial bearing. According to Cruz and Regazzi (1997) biennial bearing may vary in mode and intensity between genotypes and ANOVA, used to estimate the repeatability coefficient, cannot eliminate this additional component from the experimental error and, consequently, the estimator of repeatability would be underestimated, as verified here.
The mean values of the coefficients of determination (R 2 ), which demonstrate the reliability of a phenotypic value to predict the real value of genotypes, were over 80% (92.74 to 83.00%), except by ANOVA (76%). Fonseca et al. (2004) stated R 2 of 65% by ANOVA, 75% by the principal components based on the correlation matrix and 82%, using the method of principal components based on the covariance matrix. According to Resende (2002) values of over 80% can be considered adequate when a group of plants is selected.
The estimates of the number of measurements required, based on five pre-established coefficients of determination, to predict the real value of the genotypes for the coffee cherry yield evaluated by the four methodologies used to estimate the repeatability coefficients are presented in Table 3 . Considering the method of the principal components based on the covariance matrix and a coefficient of determination of 80%, it can be concluded that three harvests would be necessary to infer the superiority of one progeny over another. However, if a greater reliability is desired (R 2 = 85 and 90%), four and six harvests would be necessary, respectively, by the principal components method based on the covariance matrix. Values of over 90% would however make the selection time-consuming and expensive. According to Fonseca et al. (2004) , by the method of principal components based on the covariance matrix, four successive harvests would be enough to select coffee robusta genotypes for grain yield, at an accuracy of 80%. Sera (1987) evaluated the coffee cherry yield of 72 progenies of Arabic coffee in the F 5 generation, derived from cultivar Acaiá during eight years and verified that the first three harvests were enough to predict 79% of the yield variation. In this study the author pointed out that the minimum period of evaluation to perform selection also depends on the generation of the progenies. These periods of selection can be shorter, in cases where the plant material has a greater genetic variability, or longer, for genotypes with greater homozygosis. This fact was confirmed here, since the Icatu progenies in question were in the F 3 generation, where genetic variability is still considerable.
Thus, in improvement programs of Arabic coffee with Icatu germplasm and in early generations, it can be concluded that three harvests, when estimated by the principal component method based on the Determination of the number of years in Arabic coffee progenies selection through repeatability covariance matrix, the discrimination of the most productive genotypes is possible with a probability of 80% of being based on the real value of the tree. The application of a lower number of harvests is desirable in terms of saving time and labor, provided that the success of the program of genetic breeding of the crop is not affected.
CONCLUSIONS
The differences in the values of the estimates of the repeatability coefficients indicate the importance of determining the most appropriate method, since each method considers particularities related to the species and the trait studied.
The estimate of the repeatability coefficient by principal components based on the covariance matrix was most appropriate, due to the minimization of the effect of biennial bearing on yield.
The first three harvests were enough to select the best "Icatu" progenies of Arabic coffee in the F 3 RC 2 generation, with an accuracy of 80%, to predict the real value of the plant.
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